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(£0 We, WEYERHAEUSER COM- 
PANY, a corporation organized and existing 
under the laws of the State of Washington, 
United States of America, of Tacoma Build- 
mg, Tacoma, Washington, United States of 
America, do hereby declare the invention for 
which we pray that a patent may be granted 
to us and the method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 

It is known that many polymerizable 
systems can be cured by exposing them to 
ionizing radiation. The use of ionizing radia- 
tion, and particularly electron beam radiation, 
has a number of distinct advantages over 
conventional methods of effecting polymeriza- 
tion and cross-linking using catalytic agents, 
especially when used to cure film coatings 
on wood and wood products, fabrics, rubber, 
glass, metal and similar substances. For 
example, it avoids the sometimes lengthy 
induction nericd associated with catalyst- 
i nduced cur ing, enables the use of iilm-form- 
"ing compositions having indefinite pot lives. 



. Undercured surfaces caused by oxygen 
inhibition can usually be avoided by covIrS 
the uncured film with an inert cover sheet of 
by maintaining the film in an oxygen-free 
atmosphere until curing is effected These 
techniques, however, are often impractical or 
too expensive for commercial operations. 

It has now been found that undercured 
surfaces of film resulting from oxygen 
inhibition of curing by ionizing radiation can 
be eliminated by exposure thereof to ultra- 
violet lighr. 

Thus, according to the present invention, 
there is provided a method of advancing the 
state of cure of a surface layer of a polymeric 
nkn derived from polymerisable material 
which is curable by exposure to ionizing radia- 
tion, which film, has been obtained by expos- 
ing a film of said polymerisable material to 
ionizing radiation in the presence of oxygen 
which has inhibited the cure of said surface 
layer, said method comprising exposing said 
.surface-layer-to-ultraviolet-light- 
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produces little temperature rise during poly- 
merization, and produces, in many cases, a 
superior coating-to-substrate bond. Many films 
can be cured in less than one second using 
high-energy electrons. Unfortunately, how- 
ever, if the uncured film is allowed to come 
into contact with air, oxygen inhibition of 
ionizing radiation curing often results in the 
surface or surfaces of die film, being tacky or 
otherwise not as well cured as the bulk of the 
film. Although the undercured material is 
present only in a very thin layer, i.e., of the 
order of from 1X10- 3 to 1X10~ 6 inch, this 
is sufficient to cause serious losses of coating 
gloss and problems with scratching. When the 
film is in the form of a coating on articles 
such as wood panels, blocking can occur when 
the articles are stored in a stacked relation- 
ship. 

[Pncp 2Sp] 



Using, a high-intensity source of ultraviolet 
hght, this ordinarily can be accomplished by 
exposure for less than one minute. Quite 
surprisingly, undercured surfaces can be 70 
rapidly eliminated by exposure to ultraviolet 
hght even in the absence of free radical 
catalysts or photo-initiators in the film, 

A particularly advantageous system for the 
rzpid and complete curing of polymerisable 75 
films results from the combination of an 
electron beam and ultraviolet light Through 
the use of the former, the curing of relatively 
thick and opaque films- can be accomplished 
so rapidly that no bubbling of volatile com- 80 
ponents and no excessive absorption of the 
uncured film into porous substrates can occur. 
The thin undercured surface layer which 
ordinarily remains is easily penetrated and 
rapidly cured by the ultraviolet light 85 
The method of this invention is applicable 
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to any polymerisable film which upon being 
exposed to ionizing radiation is cured to the 
desired degree except for a thin uirdercured 
surface layer resulting from oxygen inhibition 

5 of polymerisation induced by ionizing radia- 
tion. In general, such compositions include 
those which are- polymerisable through free 
radical mechanisms. 

One preferred class of such compositions 

10 comprises polymerisable resins having 
terminal acrylate or methacrylate groups and 
disclosed in our copending application No. 
18925/69, Serial No. 1256781. These resins 
can be prepared by (1) reacting a polyfunc- 

15 tional material selected from dicarboxylic 
acids having from' 3 to 15 carbon atoms and 
ester-forming derivatives thereof with a 2 - 
hydroxyalkyl acrylate or 2 - hydroxyalkyl 
methacrylate or (2) reacting a half-ester of a 

20 2 - hydroxyalkyl acrylate or 2 - hydroxy- 
alkyl methacrylate and a dicarboxylic acid 
having from 3' to 15 carhon atoms, with a 
polyepoxide having reactive glytidyl groups. 
Another preferred class comprises poly- 

25 merisable resins having terminal acrylate or 
methacrylate groups and prepared by reacting 
a polyisocyanate having terminal reactive iso- 
cyanate groups with a 2 - hydroxyalkyl 
acrylate or 2 - hydroxyalkyl. methacrylate. 

30 These classes of polymerisable resins can 
be used undiluted or dissolved in. up to 50°/ 
by weight of a monomer containing terminal 
^ C=G C unsaturation. 
Otber compositions useful in the method 

35 of this invention are the alpha-beta, olefmically 
unsaturated organic resins disclosed in Unified 
States Patent 3,437,514. These include 
unsaturated polyester resin, acrylic resins, 
modified - acrylic resin* urethane - modified 

40 organic resin, silicone - modified organic 
resins, and epoxy resins. 

Monomers containing terminal ^ C=C C 
unsaturation in which the above-mentioned 
resins can be dissolved include, for example, 

45 monovinyl aromatic hydrocarbons of the 
benzene series such as styrene, vinyl toluene* 
ethyl vinyl benzene, isopropyl styrene, text - 
butyl styrene, sec - butyl styrene and mixtures 
thereof, . <x - methyl styrene; divinyl com- 

50 pounds of the benzene series such as divinyl 
- benzene; acrylic acid,, vinyl acetate, diacetone 
acrylamide, methyl methacrylate, ethyl meth- 
acrylate, n - butyl acrylate, ethyl acrylate, 
cyclohexyl acrylate and @ - hyctroxyethyl 

55 acrylate; 

The expression "ionizing radiation" as 
used herein is intended to include both par- 
ticulate radiation, such as highly accelerated 
electrons, protons, neutrons, alpha particles, 

60 deuterons and beta particles, and electro- 
magnetic radiation such as x-rays and gamma 
rays. The dose of ionizing radiation necessary 
to cure a given film will depend on the dose 
rate, temperature, and thickness and com- 

65 position of the film. Effective . results are 



obtained, for example, by using high energy 
electrons of from 20,000 to 10,000,000 
electron volts and dose rates of from 1 
megarad oer minute to 10 megarads per 
second. The use of an electron beam of 70 
sufficient voltage and intensity to penetrate 
the full thickness of the film and to effect 
curing in several seconds or less is preferred. 

Any type of ultraviolet light source includ- 
ing shortwave fluorescent lamps, longwave 75 
.fluorescent lamps, mercury vapor lamps, and 
even sunlight can be used to effect surface 
cure. Shortwave sources* however, eliminate 
undercured surfaces much more rapidly than 
do longwave sources. High-intensity quartz ^ 
mercury-vapor arc lamps are especially pre- 
ferred where speed of surface cure is of 
importance. Intensities in the range of from 
5 to 15 watts per square inch per minute are 
preferred, but lower intensities can be used 85 
if longer cure times can be tolerated. The 
length of exposure to ultraviolet light neces- 
sary to effect surface cure depends on the 
mtensity of the ultraviolet light source, the 
degree to which the surface is undercured, 90 
and the composition of the film. Surfaces 
exposed about three inches below a 1200-watt 
quartz mercury-vapor lamp can ordinarily be 
cured to the desired degree in from two to 
twenty seconds. 95 

As noted previously, rapid surface curing ~) 
using ultraviolet light can be readily achieved ( 
m the absence of any free radical catalyst or r 
photo-initiator. In some instances, however, J 
the addition of free radical generating cata^"^ 00 
lystSj e.g. benzoyl peroxide and azo-bis iso- ' 
butyronitrile, or photo-initiators e.g. benzoin 
and. 2,3 - butanedione may enable even more 
rapid elirnination of undercured surfaces,. 
Energy in the visible range from unaltered i05 
ultraviolet light sources is also more effective 
when such photo-initiatQrs are present. 
. The method of this invention, is especially 
well suited for the curing of films, in the 
form of clear coatings on hardwood, plywood 
panels, particleboard, overlayed softwood ply- 
wood, solid fiberboard and paper carton board 
and for the curing of pigmented coatings 
(containing, for example, titanium dioxide, 
calcium , carbonate, zinc oxide or talc) on wood ^ 
siding, ^ hardboard, plywood, steel, . tin and 
aluminium. ' This method is also well suited 
for the curing of unsupported films and the 
curing of surfaces of porous materials 
impregnated with ionizing radiation-curable 120 
liquids. For example,, impregnated paper and 
wood can be cured by this method to produce 
paper-plastic and wood-plastic combinations. 

The following examples are provided by 
way of illustration and are not intended to 125 
•be in any way limiting of the invention. All 
parts are .by weight unless otherwise 
indicated. 

EXAMPLE 1 
A coating formulation is prepared. by dis- 130 
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wiving 20 parts of butyl acrylate m 80 parts 

hJ, JSP ^ P re P^ by reacting 
half-esttr condensation product of 2 mote 
5 aUv& X ^ acryta/and 2 mol« ^ 
J ? T k bis E*«°l A tfglyddvl 
*Sf\ A a0( ?- mcl1 ^ting of this S 

f f»ated siding is then passed two 

10 " 50 f - n per "U'^te under an deca^ 

10 beam operating at 300,000 volts and 20 

£t *?"/ 0 ? 8 5 8 5 farads. The coa&g 

15 * ^ scratched - 1* ^ 

n^,. . ex P° sed ,. t& a 100-watt quartz 
Mercury lamp at a distance of 1-1/2 mc hes 

cooling, the surface has no trace of tackiness 
20 ^K^. 3 when 

EXAMPLE 2 
A 0.005-inch coating of a formulation 

ot ZJ parts of n - butyl acrylate and 75 Dam 
of the vmyi. ester resin used in EiampJ?? 

°a- P^odand subjected to electron 
b«m uradiaaon as in Example 1. The co£- 
mg has tgam cured hard but has a tackv 
surface. The coated board is then p£sedat 
a dmance of three inches and at Tn£ of 

120o ltr P w nu " ute L under a 12 'inch long, 
1200-watt Hanovia (Registered Trade Mark) 

lamp hB *W a 4-inch v^i 
renector. After five successive passes, the 
surface is tack-free but still leaveTa white 

pa^s flbr'TS'?* Afttr fiTC addi ^5 
passes (for a total exposure of 10 seconds 

under the reflector) the surface no E 

J*"* SCratch . raark and exhibits tile 
same hardness properties as an identical coat- 

TvLSTf m CDnta ? with a covering film of 
polyethylene terephthalate to pre4it^ur- 
-face-cure-inhibition-by-o xygen ~ 
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aoa product of 2 moles 2 - hydroxyprcDvl' 
acrylate and 2 moles maleic annydridT^S 
I™ 1 ' totanediol diglyeidyl et&r? % * 65 
i£2° (d) 30 parts tiLnium 

rf^ e H an4 i e) - 20 J ? arts °* tal= " spread m 

ssrasfti-^Ss 70 

it sht ttaes at 60* fee? 5^ (I 
total of 2 seconds exposure) undo- the 1200 
watt lamp described in Example 2 

. EXAMPLE 5 

p^r'l? J ?? m . onal ^saturated polyester resin 
Polyhte (Registered Trade Marie) 31_5sI7a 
«m>-ng«l unsaterated polyester Solved 
vinyl toluene— Reichhold Chemical Co> f s 
g«ad oa metal foil at a thickness of aoW- 80 
inch. After three passes under the tfeZ, 
S,??. 83 ^ampt 1 at 60 per t£Se 
tL^^ ^fPfceak upon bencW™ ut * 
u^L*^ surface - After 10 passel 

^ nl th | I2 °0-watt lamp described to 85 

Sffitf 10 " ^ of 20 fe « P«r minute 
ta total of 10 seconds exposure}, the surface 
was hard and free of tack ce 

. EXAMPLE 6 

,i 'tT Ml, ? ti011 is P«Pa«d by reacting 90 
wtighHSu) ^teL 6 ?, f^I Cmolec^f 

electron beam as in Example 1 Th* 
dose is 6 megarads. The renting clear <££ 

*f ^ • f ♦ vv 18 passed five times under 
£*5gS ff 85 " **** 2 t0 *» 



M EXAMPLE 3 

.-. £*I 60311118 f °™«Iation of Example 2 
££^?f.° ne P 3 "^^ acrylate and 0.5 
S£L£ benzoin. After being ^cured by an 

k^v 35 ^ Exam P k 1 the coating 
is cured hard but the surface is tacky. Aftef 
50 ^Passed under the 1200-watt hL d«- 
2S^ m Exan3pIc 2 , fiTO times at rSte of 

L «w >J ^l 5111 *^ fs tack-free and does 
not grve a white mark upon scratching. 

55 EXAMPLE 4 

. A coating consisting of (a) 17.5 parts of a 

flatf-ester condensation product of 2 moles 2- 

JSX^m 1 moIe b£s P ienc>1 A dislycidyl 
produced by reacting die half-ester condensa- 



EXAMPLE 7 
that a^OT 5 ^^ "! ith ^.modification 105 

& SSs£r d '* ,s app,ied - Idcntical 

. EXAMPLE 8 

wito. o.5% benzoin added is spread on over- 110 
Jayed plywood at a thickness rf O.OU tech 
The coatmg is irradiated as in Example 1 

EJPu 1, P**, miCl for three Pa^s tcrSve a 
hard but tacky coating. Afte? five pasS at 

ititv^l^ T j£ e ^traviolet lamp 115 

f s n«^? P h A* e surface is tack-free and 
is not scratched by a coin. 

_ EXAMPLE 9 

Jlxample 8 is repeated with the modifica- 

after irradiation is passed at a distance of 
three mches under a 12-inch, 1800-wan 
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"Chromolux" infra-red lamp having a four 
inch wide reflector. After ten passes under the 
lamp at 60 ft. per min., there is no reduction 
of surface tackiness. Continuous exposure of 
5 the coating under the lamp for several seconds 
results in darkening of the surface without 
eliminating tackiness* 

WHAT WE CLAIM IS: — 

1. A method of advancing the state of 
10 cure of a surface layer of a polymeric film 

derived from polymerisablc material which is 
curable by exposure to ionizing radiation, 
which film has been obtained by exposing a 
film of said poiymerisable material to ionizing 
15 radiation in the presence of oxygen which has 
inhibited the cure of said surface layer, said 
method comprising exposing said surface layer 
to ultraviolet light. 

2. A method of curing a film of poly- 
20 meri sable material that is curable by exposure 

to ionizing radiation, said method comprising 
exposing the film to ioni2ing radiation in the 
presence of oxygen which inhibits the cure 
of the surface layer of the film and there- 
25 after exposing the film to ultraviolet light to 
advance the state of cure of the surface layer. 



3. A method as claimed in claim 1 or 
claim 2 in which the ionizing radiation is an 
electron beam. 

4. A method as claimed in any of claims 30 
1 to 3 wherein the source of said ultraviolet 
light is a quartz mercury-vapour arc lamp. 

5. A method as claimed in any of claims 
1 to 4 wherein said film is a coating on a 
substrate. t 35 

6. A method as claimed in any of claims 
1 to 5 wherein said film contains a photo- 
initiator. 

7. A method as claimed in claim 6 wherein 
said photo-initiator is benzoin. 40 

8. A method as claimed in claim 1 sub- 
stantially as hereinbefore described and as 
shown in the Examples. 

9. A method as claimed in claim 2, sub- 
stantially as hereinbefore described and as 45 
shown in the Examples. 

10. A cured product obtained by the 
process of any of claims 1 to 9. 

MATHYS & SQUIRE, 
Chartered Patent Agents, 

10 Fleet Street, 

London, E.C.4. 
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